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Covalentattachmentof anti-raterythrocyteF(ab')2to liposomespecificallyenhancedtheirbindingto rat
erythrocytesin vivoandreducedtheiruptakebytheliver.Furthermore,at least20-30%of thecell-bound
liposomesdeliveredtheircontentstothecells.Besides,theliposomebindingdidnotaffectthesurvivaltime
of thetargetcellsat leastup to 3 h in thebloodcirculation.Theseresultsdemonstratefor thefirsttime
thatliposomescanbesuccessfullytargetedtocellsotherthanlivercellsinvivo.
Drug targeting Liposome Cell-specific antibody (Erythrocyte)
I. INTRODUCTION
Liposomescoatedwithcell-specificligandsmay
prove highly usefulas carriersfor site-specific
deliveryof drugsand enzymesin the biophase
[1,2].Severalstudieshavebeencarriedoutonthe
interactionsof suchliposomeswithspecificcellsin
vitro[3-9],butonlyfewattemptshavebeenmade
to examinethe suitabilityof this methodfor
drug/enzymedeliveryto theselectedcellsin vivo
[10-12]. Here, we describethe resultsof our
studiesontargetingof liposomesto ratredcellsin
vivo.
2. MATERIALS AND METHODS
Nal25I (carrier-free),sodium [51Cr]chromate
and [J4C]sucrosewere obtainedfrom Bhabha
AtomicResearchCentre,Trombay,India.[3H]In-
ulin wasfromAmersham,England.Egg [J4C]PC
waspreparedasin [13].
·To whomcorrespondenceshouldbeaddressed
Abbreviation:PC, phosphatidylcholine
F(ab')2fragment
2.1. Anti-rat erythrocyteF(ab'h
Anti-raterythrocyteF(ab'h werepreparedand
purifiedas in [9]. Radiolabellingof theantibody
wascarriedout accordingto [14].
2.2. Liposomes
Liposomes were prepared from egg PC
(20pmol), cholesterol (20pmol), gangliosides
(4pmol)andtracesof egg[14C]PC(about20pCi)
or [J4C]sucrose(about 250pCi) or [3H]inulin
(about500pCi) in 0.8ml borate-bufferedsaline
(10mM boratecontaining60mM NaCl, pH 8.4)
bysonication[15],andfractionatedbycentrifuga-
tion [7].Free[J4C]sucrose(or eH]inulin)fromthe
liposomisedsucrose(or inulin)wasremovedbygel
filtrationoverSephadexG-50asin [13].Themean
outerdiameterof theseliposomes,asdetermined
by molecularsievecolumnchromatography[15],
wasabout45nm.
2.3. Anti-rat erythrocyte F(ab'h bearing
liposomes
125I-labelled(or unlabelled)anti-raterythrocyte
F(ab'h werecovalentlyattachedto liposomesasin
[9].Theprotein-to-lipidratioin theliposomeswas
about70-100pg protein/pmol lipid P.
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2.4. Fob' fragmentsof anti-anti-rat erythrocyte
F(ab')zantibody
Anti-anti-raterythrocyteF(ab'h antibodywas
raisedin sheep,andisolatedfromantiserumbythe
ammoniumsulphateprecipitationmethod[16].
Fab' fragmentsof this antibodywereprepared
essentiallyasin [17].
2.5. Tissuedistributionof liposomes
Liposomes(0.8-1.2,umolipid P, 400,ul)were
injectedinto the tail vein pf malealbino rats
(Charles Fosier; averageweightabout 100g).
Blood (about 20,u1)was drawn immediately
(~2 min)after injectingtheliposomes,by retro-
orbitalpuncturein heparinizedcapillarypipettes,
and transferredto preweighedscintillationvials.
Thevialswerereweighedandcountedfor radioac-
tivity [9].The 14Cand3H countswerecorrected
for quenchingbyhaemoglobin.Totalradioactivity.
injectedin eachanimalwascalculatedfrom the
2 minvaluebyassumingtotalbloodvolumeas8070
of the body weight. The egg PC-cholesterol-
gangliosideliposomesthat werenot coupledto
anti-erythrocyteF(ab'h were usedas controls
throughouthisstudy.For determiningthetissue
distributionof liposomesinvivo,theanimalswere
killedimmediatelyafterdrawingabout2 mlblood
at 15min after the injection,and the various
organs (liver, spleen,lung, kidneyand heart)
removed,washed,blottedand weighed.A 10%
(w/v) homogenateof theseorganswaspreparedin
sucrose-supplementedTris-bufferedsaline(10mM
Triscontaining150mM NaCl,44mMsucroseand
5 mM EDTA, pH 7.4).A measuredaliquotof
eachhomogenatewasanalysedfor radioactivity.
Distributionof radioactivityin bloodwasdeter-
mined as follows: the blood (l ml) drawn at
15min was centrifuged.Plasmawas carefully
aspiratedoff and transferredto a glasstube.A
fixedaliquotof plasmawasanalysedfor radioac-
tivity. The cell pellet remainingafter plasma
removalwas dilutedto 50% haematocritwith
sucrose-supplementedTris-bufferedsaline,and
the erythrocyteseparatedfromthewhiteblood
cellsby usinga Ficoll-Conraygradient[9]. The
white and red blood cells were washed,and
separatelysuspendedin buffer.A measuredali-
quot containinga known numberof cellswas
analysedfor radioactivity.The total amountof
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radioactivityassociatedwithredcellsandplasma
in vivowascalculatedbydeterminingthenumber
of red cells/mlblood (6.2 :t 0.5 x 109cells; 10
animals)andthepackedcellvolume/loomlblood
0'''8:t 2 ml; 10animals),respectively.The total
blood volumewas assumedas 8% of the body
weight.Both 12s1and 14C(or 3H) countsin the
totalleukocytepelletwerecloseto thebackground
levels(about3 x 10-4%and2 x IO-s% of thein-
jected doseof 12S1and 14C,respectively),and
hence the amount of leukocyte-associated
liposomescouldnot bedeterminedaccurately.
2.6. 5/Cr-labelledliposome-bounderythrocytes
Liposomes(2,umol lipid P) containing egg
[I4C]PC were incubatedwith rat erythrocytes
(about5 x 109cells)in buffer(l ml) at 37°C for
15min.Thecellswereharvestedbycentrifugation,
andwashedseveraltimestill no radioactivitywas
detectedin thewashings.Theamountsof redcell-
associatedanti-rat erythrocyteF(ab'h bearing
liposomesand control liposomeswere about
6%/109 cells and 0.2%/109cells, respectively.
Theseliposome-boundcellswerelabelledwithSICr
accordingto [18].In identicalconditions,freshred
cellsisolatedfromratbloodwerealsolabelledwith
SICr.
2.7. Liposome-bounderythrocyte'ssurvival in
bloodcirculation
SICr-labelled liposome-untreated, control
liposome-treatedandantibodybearingliposome-
treatederythrocytes(about5 x 108cells/animal)
wereseparatelyadministeredintravenouslyto rats
(averageweight 100g). The total amount of
radioactivity injected in each animal was
calculatedfroma2 minpost-injectionbloodsam-
ple, as describedabove.The amountof radioac-
tivityremaininginbloodatvariousperiodsof time
wasdeterminedasfollows:blood(about20,u1)was
drawn in heparinizedcapillary pipettes, and
transferredto preweighedscintillationvials.The
vialswerereweighedandcountedfor radioactivity.
The 14Ccountswerecorrectedfor quenchingby
haemoglobin.At 3 h after the injection, the
animalswerekilled,andthevariousorganswere
takenout and processedas describedin section
2.4.
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3. RESULTS AND DISCUSSION
Unilamellarliposomeswerepreparedfromegg
PC, cholesteroland gangliosidesby sonication,
andfractionatedbycentrifugation,asdescribedin
section2.Theseliposomeswerecovalentlycoupled
to 1251-labelledanti-raterythrocyteF(ab'h, and
their tissuedistributiondeterminedin rats.The
liposomesthatwerenotattachedto theantibody,
ratherthan normalrabbit IgG F(ab'h bearing
liposomes[9],wereusedas controlsthroughout
thisstudy.Theseliposomeswereselectedsincethe
useof rabbit IgG F(ab'h bearingliposomesas
controlswouldnot allowusto determinetheef-
fect,if any,of theproteincouplingon theblood
clearancerateof antibodybearingliposomesfrom
thecirculation[12].
Fig.1showsthattissuedistributionof liposomes
is significantlymodifieduponattachinganti-rat
erythrocyteF(ab'h to their surface. A con-
siderablylarger(12-19070)proportionof liposomes
becameassociatedwith theerythrocyteswhereas
therewasanappreciabledecreasein theamounts
of liposomesthat localizedin liver, spleenand
plasma. However, only negligible amounts
«0.005%) of liposomeswere found to be
associatedwith the whitebloodcells,and these
amounts did not increaseby coupling the
liposomesto theantibody.Besides,similarfrac-
tionsof antibodybearingliposomal14C(or 3H)
and 12S)wereassociatedwiththevarioustissues
(fig.I ), indicatingthatthestructuralintegrityof
theseliposomeswasnotgreatlyaffectedin blood
circulation[19].Thesefindingsdemonstratethat
covalentattachmentof anti-raterythrocyteF(ab'h
to theliposomespecificallyenhancestheirbinding
to rat erythrocytesin vivo,andreducestheirup-
takeby theliverandspleen.
To ascertainwhetherthe liposomebindingto
red cells is time-dependent,we measuredthe
amountof redcell-boundradioactivityat various
periodsof timeafter injectingliposomesin rats.
Fig.2A showsthatthe liposomebindingto these
cellsdoesnot increasewithtime,andthattheex-
tent of this bindingat 3h is identicalto that
observedat 15min. This demonstratesthat the
bindingbetweenerythrocytesandliposomesis a
very fast process,which is consistentwith the
earlier studies[3,4,9].However,the liposomal
radioactivityin plasma decreasedwith time
HEART
Fig.l. Distribution of liposomes in various
organs/tissues.Values shown are mean of 4-6
animals:t SO. (A) Liposomescontainingegg[14C]PC,
before ('4C, open bars) and after couplingto 1251_
labelledanti-raterythrocyteF(ab'h ('4C, solid bars;
1251, shaded bars). (B) Liposomes containing
[14C]sucrose,before('4C,openbars)andaftercoupling
to I2SI-labelledanti-raterythrocyteF(ab'h ('4C, solid
bars; 1251,shadedbars). (C) Liposomescontaining
[3H]inulin,beforeeH, openbars)andaftercouplingto
1251-labelledanti-raterythrocyteF(ab'h eH, solidbars;
1251,shadedbars).RBC, redblood cells.
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Fig.2. Liposomescontainingegg[I4C]PCwereinjected
in rats (averageweight220g) and the amountof
radioactivityassociatedwith erythrocytes(A) and the
remainingradioactivityin plasma(B) atvariousperiods
of timedetermined,before(opencircle,liposomal14C)
and after coupling them to 1251-labelledanti-rat
erythrocyteF(ab')z (solidcircles,liposomal14C;solid
triangles,liposomal1251),asin fig.I , excepthat300III
bloodwasdrawnat eachtimepoint.Valuesshownare
meanof 6 animals:t SO.
(fig.2B). This decreasein caseof the control
liposomeswasfasterthanthatobservedfor thean-
tibody bearingliposomes,suggestingthat the
bloodclearancerateof theliposomesisreducedby
couplingthemtotheantibody.Thisisquiteconsis-
tentwithour findingthatthedifferencebetween
the liver-associatedamountsof controland an-
tibodybearingliposomeswasgreaterat3 h(fig.3),
as comparedto thatat 15min(fig.IA).
Furtherexperimentsweredoneto investigatethe
effectsof theinjecteddoseof Iiposomesontheex-
tentof theirbindingtothetargetcells,andalsoon
their distributionpatternsin thevariousorgans.
Both the extent of liposome binding to
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Fig.3.Distributionof egg[I4C]PCcontainingliposomes
in variousorgansat3 h aftertheinjection,before(open
bars,14C)andaftercouplingthemto ml-Iabelledanti-
rat erythrocyteF(ab'h (solid bars, 14C;shadedbars,
1251).Valuesshownaremeanof 6 animals:t SO.
erythrocytesandtheorgandistributionpatternsre-
mainedunchangedby varyingthe injecteddose
between0.6.and 2/imol lipid P/animal (not
shown).
Sincedeliveryof theliposomisedsolutesto the
targetcellswiIl beensuredonly if thecell-bound
liposomeseitherfusewith thecell membraneor
becomeinternalisedvia endocytosis[20], we
analysed the mode of interaction between
erythrocytesandantibodybearingliposomesin the
liposome-boundcells obtainedfrom the 15min
bloodsamplesof theinjectedanimals.Firstly,we
estimatedtheamountsof liposomesthatweread-
sorbedon thecell surface.The surface-adsorbed
liposomeswereelutedby washing(5-7 times)the
liposome-boundcells(0.2-0.3ml packedvolume)
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witha solution(7 mgprotein/ml,3 mleachtime)
of Fab' fragmentsof anti-anti-rat erythrocyte
F(ab'h antibody.Only25-30CIJoof thecell-bound
liposomescould be elutedby this method.The
maximumamountof liposomeswaselutedin the
firstandsecondwashingswhereasthelastwashing
wascompletelyfreeof radioactivity.Secondly,we
attemptedto measurethe amount of free
[14C]sucrose(or eH]inulin)deliveredto the.cells
bytheliposomes,asit shouldallowustoascertain
thedegreeto whichliposomesfusewiththecells
[20].TheFab'-washedcells(about0.2mlpacked
volume)weretransferredtoa3 mlcentrifugetube,
and lysedat O°Cby adding9 volsprecooled is-
tilled water.It wascentrifugedat 25000x g for
30min at 4°C. The supernatantwas carefully
transferredto a glasstube.Thepelletwaswashed
withwater(2ml),andthewashingwasmixedwith
the first supernatant.The washedpellet was
diluted'with an equal volume of water and
measuredaliquotsof boththesupernatantandthe
pellet were analysed for radioactivity.The
liposomal membraneradioactivemarkers(viz.
1251-labelledF(ab'h and egg[14C]pC)wereex-
clusively(>98ClJo)associatedwith the cell pellet
whereasa considerableproportion(23-38ClJo)f
the entrappedmarkers (viz. [14C]sucroseand
[3H]inulin)was also presentin the supernatant.
Theseamountsof the liposomalsolutesin the
cytosolwerenotdueto leakageof theentrapped
solutesfromthecell-boundliposomes,asloo-fold
dilutionwithdistilledwaterwasfoundnot to in-
duceanyleakage« lCIJo)fromtheliposomesthat
were not bound to the cells. Moreover, no
[14C]sucrose(or [3H]inulin)could be detectedin
thesupernatantevenuponovernightstorageof the
Fab'-washedliposome-boundcells in buffer at
4°C. From thesefindings,we infer that of the
erythrocyte-boundliposomes,at least25-30CIJoin-
teractwiththecellsviaadsorption,20-30CIJoprob-
ably via membrane-membranefusion, and the
restmayhaveinteractedwith thecellsvia some
othermechanisms[20,21].
Interactionsof red cells with liposomesare
knowntoaltertheirmembranedeformability[22],
whichin turncouldacceleratetheirdestructionby
thespleen[23].Therefore,toexaminewhetherthe
liposomebindinghasinfluencedthesurvivaltimes
of erythrocytesin thecirculation,wemeasuredthe
51Crlevelsin thecirculationafter injecting51Cr_
labelledliposome-bounderythrocytesin rats,as
describedin section2.Thenormalraterythrocytes
whichdidnotreceiveanytreatmentwithliposomes
wereusedascontrolsin theseexperiments.Fig.4
showsthattheamountsof thecontrolliposome-
andantibodybearingliposome-treatedcellsin the
circulationaresimilarto thatof thecontrolcells.
Also, the fractionsof the liposome-treatedcells
associatedwith the variousorgans(fig.5) were
almostidenticalto thoseof theliposomeuntreated
erythrocytes.Theseresultsstronglyindicatethat
theinteractionof theredcellswithliposomesdoes
notaltertheirstabilityor survivaltimeat leastup
to 3 h in thecirculation.Further,it maybenoted
,
100r !! f t ,,100
7S 7S
W
111oo
o SO
w
~
u 100
w-,
~
u.
o
@ W
111
o
o
o
w
100 ~
11 ~-,
~
J so
I .
r
YJ75
u.
o75
oo
o
~ SO
~ 100
@ oo
o
...J
a)J SO
..
Q £
1,100 ~
1>
i
2
u
;:!
75 75
SO I
o
J SO
3
I . I
1 2
TIME (HOURS)
FigA. Survival of liposome-treatedred cells in
circulationof rats.(A) Cellsnottreatedwithliposomes
(solidcircles,5ICr);(B) cellstreatedwithegg[14C)PC_
containingcontrolliposomes(solidcircles,51Cr;open
circles,14C);(C) cellstreatedwith anti-raterythrocyte
F(ab'h bearingliposomescontainingegg[14C)pC(solid
circles,51Cr;opencircles,14C).Valuesare meanof 4
animals:t SD.
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Fig.5.Distributionof radioactivityin variousorgansat
3 h after injectingslCr-labelledliposome-treated(or
untreated)redcellsin rats. (A) Cellsnot treatedwith
liposomes(openbars,SICr); (B) cellstreatedwith egg
(14C]pC-containingcontrolliposomes(openbars,SICr;
shaded bars, 14C); (C) cells treatedwith anti-rat
erythrocyteF(ab'h bearingliposomescontainingegg
(14C]pC(openbars,SICr;shadedbars,14C).Valuesare
meanof 4 animals:t SD.
in fig.4thatabout20070of thecontrolliposomal
14Cand about 10% of the antibodybearing
liposomal14Cdisappearedfrom the circulation.
These fractionsmay representhoseliposomes
whichwerelooselyboundto thecells,andreadily
elutedfromthecellsurfacebytheplasmaproteins
in bloodcirculation.
This studyclearlyshowsthat covalentattach-
ment of cell-specificantibody to liposomes
specificallyenhancestheir bindingto the target
cellsin vivo.Also, it demonstratesthata signifi-
cant fractionof the cell-boundliposomescan
delivertheircontentsevento an inertcelllike the
erythrocyte. We, therefore, conclude that
liposomescoupledto cell-specificantibodymay
provequitesuitablefor drug/enzymedeliveryto
specificcellsin thebiophase.
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